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USING MULTIPLE ANGLES AND MULTIPLE WAVELENGTH 
ILLUMINATION 



09/298,007 
Hao Q. Pham 
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PETITION FOR EXTENSION OF TIME technology center 2800 

Dear Sir 

Applicants respectfully petitions for a three-month extension of time within which to 
respond to the January 24, 2002 outstanding Office Action, such extension allowing the 
undersigned until July 24, 2002 to respond. 

Please charge the amount of $920.00 as set forth in the enclosed transmittal letter. 
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Applicant: 

Assignee: 
Title: 
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Examiner: 
Docket No.: 



In The United States Patent And Trademark Office 

biellak, steve; stokowski, stanley e.; vaez-eravani, 

MEHDI 

KLA-TENCOR TECHNOLOGIES CORPORATION 

SYSTEM AND METHODS FOR A WAFER INSPECTION SYSTEM 
USING MULTIPLE ANGLES AND MULTIPLE WAVELENGTH 
ILLUMINATION 

09/298,007 Filing Date: June 26, 2001 



Hoa Q. Pham 
M-10693 US 



Group Art Unit: 2877 



San Francisco, California 
July 0^2002 



BOX FEE AMENDMENT 
COMMISSIONER FOR PATENTS 
Washington, DC 2023 1 



FAX COPY RECEIVED 
RESPONSE TO OFFICE ACTION OCT 0 3 2002 

Dear Sir: TECHNOLOGY CENTER 2800 

This responds to the Office Action mailed on January 24, 2002, setting a period for 
response expiring on April 24, 2002. Attached is a Petition for Extension of Time to extend 
the response period to expire on July 24, 2002. 

IN THE SPECIFICATION 

On page 9, paragraph 33, line 5, please add after "channel 420." the following: - In 
other words, illumination channel 416 is at around zero degrees to a normal direction to 
surface 426. — The fully amended paragraph is attached hereto. 

IN THE CLAIMS : 

Please amend the claims 1, 14, 15, 23, 24, 26, 36, 37, 38, and 42, cancel claims 2 and 
30, and add claims 46-85 as follows (a marked-up version showing the changes made is 
attached hereto): 
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1 . (Amended) A method for detecting an anomaly on a top surface of a 
substrate, or within the substrate, comprising: 

directing a first radiation beam having a first ultraviolet or deep ultraviolet wavelength 
to illuminate a first spot on the top surface of the substrate at a first non-zero angle measured 
from a normal direction to the top surface; 

directing a second radiation beam having a second wavelength to illuminate a second 
spot on the top surface of the substrate at a second angle measured from a normal direction to 
the top surface, wherein the second wavelength is not equal to the first wavelength; 

causing relative motion between the first and second radiation beams and the top 
surface of the substrate so that the spots scan paths on the top surface; 

detecting radiation from the first radiation beam scattered by the top surface in title first 
spot to provide a single output corresponding to a position of the first spot on the top surface; 
and 

detecting radiation from the second radiation beam scattered by the top surface in the 
second spot to provide a single output corresponding to a position of the second spot on the 
top surface. 

2. Cancelled. 

3. The method of claim 1, further comprising documenting the presence of an 
anomaly if the detected radiation shows that the first radiation beam was scattered upon 
interacting with the top surface. 

4. The method of claim 1, further comprising documenting the presence of an 
anomaly if the detected radiation shows that the second radiation beam was scattered upon 
interacting with the top surface. 

5. The method of claim I, further comprising comparing radiation detected from 
the first radiation beam to radiation detected from the second radiation beam to determine 
whether the anomaly comprises a COP or a particle. 
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6. The method of claim 1 , wherein the first wavelength is around 266 
nanometers. 

7. The method of claim 1 , wherein the first wavelength is around 355 
nanometers. 

8. The method of claim 1 , wherein the first wavelength is a wavelength in the 
ultraviolet specmun of radiation. 

9. The method of claim 1, wherein the second wavelength is around 532 
nanometers. 

1 0. The method of claim 1, wherein the second wavelength is a wavelength in the 
visible spectrum of radiation. 

1 1 . The method of claim 1 9 wherein the first wavelength is around 266 nanometers 
and the second wavelength is around 532 nanometers. 

12. The method of claim 1, wherein the first wavelength is around 355 nanometers 
and the second wavelength is around 532 nanometers. 

13. The method of claim 1, wherein the first wavelength is in the ultra-violet 
spectrum of radiation and the second wavelength is in The visible spectrunrof radiation. 

14. (Amended) The method of claim 1, wherein the first angle is around 70 
degrees to a normal direction to the top surface. 

15. The method of claim 1, wherein the second angle is around zero degrees to a 
normal direction to the top surface. 

16. The method of claim 1 9 wherein the directing of a first radiation beam and the 
directing of a second radiation beam are performed simultaneously. 

17. The method of claim 1, wherein the detecting of radiation from the first 
radiation beam and the detecting of radiation from the second radiation beam are performed 
simultaneously. 
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1 8. The method of claim 1 , wherein the first radiation beam comprises a laser 

beam. 

19. The method of claim 1, wherein the second radiation beam comprises a laser 

beam. 

20. The method of claim 1, wherein the detecting of radiation from the second 
radiation beam comprises detecting scattered radiation from the second radiation beam and 
avoiding reflected radiation from the second radiation beam. 

21 . The method of claim 2, further comprising documenting the presence of an 
anomaly if the detected radiation shows an increase in the amount of scattered radiation 
produced by the first radiation beam. 

22. The method of claim 2, further comprising documenting the presence of an 
anomaly if the detected radiation shows an increase in the amount of scattered radiation 
produced by the second radiation beam. 

23. (Amended) A method for detecting an anomaly on a top surface of a substrate, 
or within the substrate, comprising: 

directing a first radiation beam having a first wavelength to illuminate a first spot on 
die top surface of the substrate at a first non-zero angle measured from normal, wherein the 
first wavelength is in the ultraviolet spectrum of radiation; 

directing a second radiation beam having a second wavelength to illuminate a second 
spot on the top surface of the substrate at a second angle measured from normal, wherein the 
second wavelength is in the visible spectrum of radiation; 

detecting radiation from the first and second radiation beams; 

causing relative morion between the first and second radiation beams and the top 
surface of the substrate, so that the spots scan paths on the top surface, wherein said detecting 
detects radiation scattered by the top surface in the first and second spots to provide a first 
single output in response to the scattered radiation in the first beam corresponding to a 
position of the first spot on the top surface in one of the scan paths, and a second single output 
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in response to the scattered radiation in the second beam corresponding to a position of the 
second spot on the top surface in one of the scan paths; and 

documenting the presence of an anomaly if the detected radiation shows an increase in 
the amount of scattered radiation produced by the first radiation beam or the second radiation 
beam. 

24. (Amended) A system for detecting an anomaly on a top surface of a substrate, 
or within the substrate, comprising; 

a device providing a first wavelength radiation and a second wavelength radiation to 
illuminate the top surface, said first wavelength being ultraviolet or deep ultraviolet; 

optics focusing the first wavelength radiation into a first radiation beam at an oblique 
first angle to the top surface to illuminate a first spot on the top surface and focusing the 
second wavelength radiation into a second radiation beam at a second angle to a normal 
direction to top surface to illuminate a second spot on the top surface; 

means for causing relative motion between the first and second radiation beams and 
the top surface of the substrate, so that the spots scan paths on the top surface; and 

a detector mounted to detect radiation scattered by the top surface in the first or second 
spot to provide a first single output in response to xhe scattered radiation in the first beam 
corresponding to a position of the first spot on the top surface in one of the scan paths, and a 
second single output in response to the scattered radiation in the second beam corresponding 
to a position of the second spot on the top surface in one of the scan paths. 

25. The system of claim 24 5 further comprising a beamsplitter to separate the first 
radiation beam from the second radiation beam. 

26. (Amended) The system of claim 24, further comprising a collector that is 
rotationally symmetric about a line and that is operable to collect radiation and focus the 
radiation onto the detector. 

27. The system of claim 24, wherein the radiation source is provided by a laser 

source. 

882700 vi -5- Serial No. 09/891,693 

l 



LjkW offices of 
SKJERVEN MOfUULLLLr 

1 EM&AACaDERO CENTO. 

SUITE 2*O0 
SAN FRANCISCO CA 5*111 

Fa.T(«I5) «4-CO« 



10-03-2DD2 11 :06am From-SKJERVEN MORRILL LLP 415434064B T-568 P. 01 1/037 F-193 

28. The system of claim 24, wherein the first wavelength is around 266 
nanometers. 

29. The system of claim 24, wherein the first wavelength is around 355 
nanometers. 

30. Cancelled. 3L The system, of claim 24, wherein the second wavelength 
is around 532 nanometers. 

32. The system of claim 24, wherein the second wavelength is a wavelength in the 
visible spectrum of radiation. 

33. The system of claim 24, wherein the first wavelength is around 266 
nanometers and the second wavelength is around 532 nanometers. 

34. The system of claim 24, wherein the first wavelength is around 355 
nanometers and the second wavelength is around 532 nanometers. 

35. The system of claim 24, wherein the first wavelength is a wavelength in the 
ultraviolet spectrum of radiation and the second wavelength is a wavelength in the visible 
spectrum of radiation- 

36. (Amended) The system of claim 25, further comprising at least one mirror 
mounted to direct the first radiation beam at the top surface and to direct the second radiation 
beam at the top surface. 

37. (Amended) The system of claim 25, wherein the first beam is around 70 
degrees measured from a normal direction to the top surface. 

38. (Amended) The system of claim 25, wherein the second angle is around zero 
degrees from a normal direction to the top surface. 

39. The system of claim 27, wherein the laser source is a solid-state laser. 

40. The system of claim 27, wherein the laser source can vary the wavelength of 
emitted radiation using one or more crystals. 
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41 . The method of claim 1, further comprising comparing radiation detected from 
the first radiation beam to radiation detected from the second radiation beam to determine 
whether the anomaly is located on the top surface or below the top surface of the substrate. 

42. (Amended) A method for detecting an anomaly only on a top surface of a 
substrate, comprising: 

directing a first ultraviolet radiation beam at the top surface of the substrate at a first 
angle measured from the normal direction to the top surface; 

directing a second ultraviolet radiation beam at the top surface of the substrate at a 
second angle different from the first angle measured from the normal direction to the top 
surface; 

detecting ultraviolet radiation from the first ultraviolet radiation beam; and 
detecting ultraviolet radiation from the second ultraviolet radiation beam, 

43. The method of claim 42, wherein the first and second ultraviolet radiation 
beams have a wavelength of around 266 nm. 

44. The method of claim 42, wherein the first and second ultraviolet radiation 
beams have a wavelength of around 355 nm. 



45. The method of claim 42, wherein the substrate comprises a silicon-on-insulator 



wafer. 



46. (New) A method for detecting an anomaly on a surface of a substrate, or 
within the substrate, comprising: 

directing a first radiation beam to illuminate a first spot on the surface of the substrate 
at an oblique angle to the surface, said first beam having a ultraviolet or deep first ultraviolet 
wavelength; 

causing relative motion between the first radiation beam and the surface of the 
substrate so that the first beam scans a path on the surface; and 
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detecting radiation from the first radiation beam scattered by the surface in the spot to 
provide a single output in response to the scattered radiation in the beam corresponding to a 
position of the first spot on the surface in the scan path. 

47. (New) The method of claim 46, wherein said causing causes rotational and 
translalional relative motion between the first radiation beam and the surface of the substrate. 

48. (New) The method of claim 46, further comprising directing a second 
radiation beam having a second wavelength to illuminate a second spot on the surface of the 
substrate at a second angle measured from the normal direction to the surface, wherein the 
second wavelength is not equal to the first wavelength. 

49. (New) The method of claim 48, further comprising comparing radiation 
detected from the first radiation beam to radiation detected from the second radiation beam to 
determine whether the anomaly comprises a COP or a particle. 

50. (New) The method of claim 48, wherein the second wavelength is around 532, 
266 or 355 nanometers. 

5 1 . (New) The method of claim 48, wherein the second wavelength is a 
wavelength in the visible spectrum of radiation, 

52- (New) The method of claim 48, wherein the first wavelength is around 266 or 
355 nanometers and the second wavelength is around 532 nanometers. 

53 _ (New) The method of claim 48, wherein the first wavelength is in the ultra- 
violet spectrum of radiation and the second wavelength is in the visible spectrum of radiation. 

54. (New) The method of claim 48, wherein the second angle is around zero 
degrees. 

55. (New) The method of claim 48, wherein the directing of a first radiation beam 
and the directing of a second radiation beam are performed sequentially or simultaneously. 

56. (New) The method of claim 48, wherein the detecting of radiation from the 
first radiation beam and the detecting of radiation from the second radiation beam are 
performed simultaneously. 
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57. (New) The method of claim 48, wherein the detecting of radiation from the 
second radiation beam comprises detecting scattered radiation from the second radiation beam 
and avoiding reflected radiation from the second radiation beam. 

58. (New) The method of claim 48, further comprising documenting the presence 
of an anomaly if the detected radiation shows an increase in the amount of scattered radiation 
produced by the second radiation beam. 

59. (New) The method of claim 48, wherein said directing directs the second 
beam to a low-k dielectric material, said second beam containing a wavelength in a visible 
range. 

60. (New) The method of claim 48, further comprising comparing radiation 
detected from the first radiation beam to radiation detected from the second radiation beam to 
determine whether the anomaly is located on the top surface or below the top surface of the 
substrate. 

61 . (New) The method of claim 48, wherein the relative motion causes the second 
radiation beam to scan a path on the surface, said method further comprising registering the 
scan paths of the spots illuminated by the first and second radiation beams. 

62. (New) The method of claim 46, further comprising documenting the presence 
of an anomaly if the detected radiation shows an increase in the amount of scattered radiation 
produced by the first radiation beam. 

63. (New) The method of claim 46, wherein the first beam is at an angle of around 
70 degrees from a normal direction to the surface, 

64. (New) The method of claim 46, further comprising collecting radiation from 
the first radiation beam scattered by the surface in the spot by means of a radiation collector 
having an axis of rotational symmetry about a line, said collector focusing scattered radiation 
from the surface to the detector to produce the single output. 

65. (New) The method of claim 46, wherein said directing directs the beam to the 
surface of a silicon-on-insulator wafer, and the detecting detects radiation scattered by the 
silicon-on-insulalor wafer. 
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66. (New) The method of claim 46, wherein said directing directs the beam to the 
surface of an unpattemed semiconductor wafer. 

67. (New) An apparatus for detecting an anomaly on a surface of a substrate, or 
within the substrate, comprising: 

optics directing a first radiation beam to illuminate a first spot on the top surface of the 
substrate at an oblique angle to the surface, said first beam having a ultraviolet or deep first 
ultraviolet wavelength; 

means for causing relative motion between the first radiation beam and the surface of 
the substrate so that the first beam scans a path on the surface; aud 

a detector detecting radiation from the first radiation beam scattered by the surface in 
the spot to provide a single output in response to the scattered radiation in the beam 
corresponding to a position of the first spot on the surface in the scan path. 

68. (New) The apparatus of claim 67, wherein said causing means comprises an 
instrument that causes rotational and translational relative motion between the first radiation 
beam and the surface of the substrate. 

69. (New) The apparatus of claim 67, further comprising means for directing a 
second radiation beam having a second wavelength to illuminate a second spot on the surface 
of the substrate at a second angle measured from the nonnal direction to the surface, wherein 
the second wavelength is not equal to the first wavelength, 

70. (New) The apparatus of claim 69, further comprising means for comparing 
radiation detected from the first radiation beam to radiation detected from the second radiation 
beam to determine whether the anomaly comprises a COP or a particle, 

7 1 . (New) The system of claim 69, further comprising a beamsplitter to separate 

the first radiation beam from the second radiation beam. 

r f 

12. (New) The system of claim 69, wherein the first wavelength is around 266 or 
355 nanometers and the second wavelength is around 532 nanometers. 
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73. (New) The system of claim 69, wherein the first wavelength is a wavelength 
in the ultraviolet spectrum of radiation and the second wavelength is a wavelength in the 
visible spectrum of radiation. 

74. (New) The system of claim 73, further comprising at least one mirror mounted 
to direct the first radiation beam at the surface at a first angle measured from normal and to 
direct the second radiation beam at the surface at a second angle measured from normal. 

75. (New) The system of claim 69, wherein the second angle is around zero 
degrees. 

76. (New) The system of claim 67, further comprising a collector having an axis 
of rotational symmetry about a line, said collector receiving and directing scattered radiation 
to the detector to produce the single output. 

77. (New) The system of claim 67, wherein the optics comprises a laser source. 

78. (New) The system of claim 67, wherein the first wavelength is around 266 or 
355 nanometers. 

79. (New) The system of claim 67, wherein the first beam is at an angle of around 
70 degrees from a normal direction to the surface. 



80. 



(New) The system of claim 67, wherein the optics comprises a solid-state 



laser. 



81. (New) A method for detecting an anomaly on a surface of a substrate 
comprising a low k dielectric material, or within the substrate, comprising: 

directing a first radiation beam having a first wavelength to illuminate a first spot on 
the surface of the substrate at a first angle measured from the normal direction to the surface; 

directing a second radiation beam having a second wavelength to illuminate a second 
spot on the surface of the substrate at a second angle measured from the normal direction to 
the surface, wherein the two beams reach the low k dielectric material, and wherein the two 
wavelengths are not equal and are in a visible range; 
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detecting radiation from the first radiation beam scattered by the top surface in the first 
spot; and 

detecting radiation from the second radiation beam scattered by the top surface in the 
second spot. 

82. (New) The method of claim 8 1 , further comprising causing relative motion 
between the first and second radiation beams and the surface of the substrate so that the 
beams scan paths on the surface, wherein the detecting detects radiation from the first 
radiation beam scattered by the surface in the first spot to provide a first single output in 
response to the scattered radiation in the first beam corresponding to a position of the first 
spot on the surface in one of the scan paths, and to provide a second single output in response 
to the scattered radiation in the second beam corresponding to a position of the second spot on 
the surface in one of the scan paths. 

83. (New) The method of claim 23, wherein said directing directs the beam to the 
surface of a silicon-on-insulator or unpattemed semiconductor wafer, and the detecting 
detects radiation scattered by the silicon-on-insulator or unpattemed semiconductor wafer. 

84. (New) The method of claim 1, wherein said directing directs the beam to the 
surface of an unpattemed semiconductor wafer. 

85. (New) The method of claim 1, further comprising registering the scan paths of 
the spots illuminated by the first and second radiation beams. 



LaW OFFICES 
SKJEStvEP NpapH I II r 

SUITE 2 WW 

san rwoicocA aim 

tflS) Z!7r<OT 



882700 vl 



-12- 



SerialNo. 09/891,693 



10-03-2002 ll:0Bara Frora-SKJERVEN MORRILL LLP 



4154340646 



T-568 P. 018/037 F-103 



uw offices Of 

1 EMBaKOlDERO crti^ 

SUITE 3*0° 
SAjl WLKriO&CO Ca 9AM I 
f4| J) 2IHSQ0O 



REMARKS 

The specification is objected to as failing to provide proper antecedent basis for 
claims 15 and 38. The specification has now been amended to provide such basis, and no new 
matter is believed to have been introduced by the amendment. 

Claims 14, 15, 37, 38 are rejected under 35 U.S.C. § 1 12 as being indefinite. 
Specifically, these claims are objected to on the ground ihat there is no reference for the 
values of the angles claimed. These claims have now been amended to indicate that the 
values of the angles are in reference to a normal direction to the top surface. The rejection is 
therefore believed to have been overcome. 

Claims 1-5, 10, 14, 16-22, 24, 26, 27, 32 and 39 are rejected under 35 U.S.C. § 102(b) 
as being anticipated by U.S. Patent No. 4,740,079 to Koizumi et al. The rejection is traversed 
insofar as it is applied to the claims presently standing. 

Claims 1 and 24 now require that the first radiation beam has an ultraviolet or deep 
ultraviolet wavelength. Koizumi et al. does not disclose or suggest that either one of its two 
wavelengths is within the ultraviolet or deep ultraviolet spectrum. The Examiner admits this 
to be the case in the second paragraph of item 6 on page 4 of the Office Action. 

It is believed to be well settled that, in order to anticipate, there must be identity of 
elements between the anticipating reference and the elements of the rejected claim. Since 
Koizumi ct al. fails to teach that either one of the two wavelengths is within the ultraviolet or 
deep ultraviolet specrrum, there is no identity of elements between Koizumi et al. and claims 
1 and 24. Therefore, these two claims are not anticipated by Koizumi et al. 

The use of ultraviolet or deep ultraviolet radiation permits a user to confine the region 

inspected to only a surface portion of a substrate. This is due to the fact that ultraviolet or 
m700 w -13- Serial No. 09/891,693 
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deep ultraviolet radiation only penetrates the substrate to a shallow depth so that detection 
using ultraviolet or deep ultraviolet radiation would not be affected by deeper features. See 
paragraphs 14 and 35 of the specification, for example. Such advantages of using ultraviolet 
or deep ultraviolet radiation are not taught or suggested by Koizumi et al. 

Koizumi et al. disclose a low angle S-polarized illuminating light beam 15L at 
wavelength X\ and a high angle S-polarized illuminating light beam 15H at wavelength X 2 
applied at the same point on the specimen. Only P components are detected and compared by 
detector arrays 20H and 20L. Thus, as explained by Koizumi et al. in reference to Figs. 43, 
44a, 44b and column 2, when the S-polarized illumination beam is supplied to the sample at 
an oblique angle, the pattern such as line 2 will scatter light in the beam without changing its 
polarization, whereas a particle will convert part of the S-polarized light into P-polarized 
light By detecting the P component that is scattered by the sample, Koizumi et al. attempts to 
distinguish between pattern and particle. 

Koizumi et al, employs high angle illumination light beams to emphasize the detection 
of pattern and low angle illumination light beams to emphasize the detection of particles. See, 
for example, Figs. 18(a)-18(g), and column 9, lines 61-66, Koizumi et al. then uses two 
different wavelengths in order to enable the detection results using high angle illumination to " 
be distinguished from the detection results using low angle illumination. There is therefore no 
reason or motivation for Koizumi to modify the system in order to employ ultraviolet or deep 
ultraviolet radiation just to distinguish between illumination at high and low angles of 
incidence. The reason given by the examiner, namely the detection of small particles, is not 
menlioncd'at all by Koizumi et al. If the Examiner believes otherwise, it is respectfully 
requested that the Examiner explain in detail the reason and motivation for such modification. 



882700 vl 



-14- 



Serial No. 09/891,693 



10-03-2002 11:00an From-SKJERVEN MORRILL LLP 



4154340646 



T-568 P. 020/037 F-193 



SKJEttVEN MOUULLllp 

s EuaAACAoewD center 

SUITE 2XOQ 
SAffRAJ^aSOOC* will 
f4l5}2l7<£00Q 



Based on the above, it is believed that claims 1 and 24 are also non-obvious over 
Koizumi et al. Claims 1 and 24 are therefore believed to be allowable. 

Claims 3-5, 10, 14, 16-22, 26, 27, 32 and 39 are believed to be allowable since they 
depend from allowable claims. They are further believed to be allowable because of the 
features in these claims. For example, claim 5 adds the limitation thai radiation detected from 
the first radiation beam is compared to that detected from the second radiation beam to 
determine whether the anomaly comprises a COP or a particle. This is radically different 
from Koizumi et al., contrary to the opinion of the Examiner. The Examiner is of the opinion 
that Fig. 18 of Koizumi et al- teaches such feature. Page 3, second paragraph, of the Office 
Action. Applicants respectfully disagree. As known to those skilled in the art, pattern on 
semiconductor wafers is very different from COPs. Pattern typically comprises structures 
intentionally deposited or otherwise fabricated on the surface of the semiconductor wafer 
when electronic devices are made, whereas COPs are defects on the surface of a 
semiconductor wafer when such wafer is manufactured and prior to the making of any 
electronic devices. Since partem is something that is purposely deposited or otherwise 
fabricated on the surface of the wafer, the presence of the pattern itself is not regarded as a 
defect. COPs, on the other hand, are defects that may cause malfunction in the electronic 
devices. Thus, the invention of claim 5 is intended to solve an altogether different problem 
than that solved by Koizumi et al.'s device as explained below. 

In Koizumi et al., when wafers with patterns thereon arc inspected for particle defects, 
the pattern will also scatter light so thai the scattering from pattern may obscure or overwhelm 
the scattering from the particles, rendering particle detection difficult. Tbe problem to be 
solved by claim 5, on the other hand, is to distinguish COPs from particles. COPs may be 
caused by different manufacturing processes. For example, COPs may be caused by 
882700 vl -15- Serial No. 09/891,693 
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processes such as those used in producing the bare silicon wafer, whereas particles may be 
caused by other manufacturing processes. Therefore, if one is able to distinguish between 
COPs and particles, it is then possible to identify the source of the defects so that appropriate 
corrective measures may be taken to avoid such defects in manufacturing. COPs and particles 
call for different types of remedies. Particle defects may be remedied by recleaning the wafer 
surface, whereas COPs are not removed by recleaning. Therefore, if COPs are erroneously 
identified as particles, the recleaning of the wafer surface will not remove the defects. 

In view of the very different purposes and goals sought to be achieved by the 
invention of claim 5 versus that of Koizumi et al., it is believed that claim 5 is non-obvious 
and therefore allowable over Koizumi et al. 

In rejected claims 10 and 32, while Koizumi et al. teaches the use of radiation in the 
visible spectrum, it fails to teach or suggest the use of two radiation beams, one in the 
ultraviolet or deep ultraviolet range and the other in the visible range. As clearly explained in 
the specification, the use of radiation beams with such wavelengths allows the user to 
distinguish between surface anomalies and subsurface anomalies. Ultraviolet or deep 
ultraviolet radiation penetrates the substrate only to a shallow depth so that it may be used to 
inspect the surface of the substrate, while the visible radiation in the second beam can 
penetrate into a substrate for detection of deeper anomalies underneath the surface. Using 
data gathered from both wavelengths allows a user to discern whether a detected anomaly is 
located at the surface of the substrate or within the substrate. See 35 and 36 of the 
specification. This is not taught or suggested at all by Koizumi et al. 

As to claim 14, the Examiner points to the disclosure of 2° from the horizontal plane 
in column 18, lines 49-50 of Koizumi et al. An angle of 2° from the horizontal plane is very 
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different from and does not teach or suggest an angle of 70° from the normal direction. If the 
Examiner disagrees, it is respectfully requested that the Examiner explain in detail why this 
rejection can be maintained. 

In regard to claim 26, Koizumi et al. clearly fails to teach or suggest a collector that is 
rotationally symmetric about a line and that is operable to collect radiation and focus the 
radiation onto the detector. 

Claims 6-9, 11-13, 15, 23, 25, 28-31, 33-34 and 40-45 are rejected under 35 U.S.C. 
§ 103(a) as being unpatentable over Koizumi el al. in view of U.S. Patent No. 4,449,818 to 
Yamaguchi et al. The rejection is respectfully traversed. 

The Examiner is of the opinion that, even though Koizumi fails to teach or suggest the 
use of wavelengths in the ultraviolet spectrum of radiation, it would have been obvious to use 
a wavelength in the ultraviolet spectrum if small particles are detected. For reasons similar to 
those above for claims 1 and 24, it is believed it would not have been obvious to modify 
Koizumi et al. to use ultraviolet radiation instead. Therefore, claims 6, 7, 8, 28, 29, 43 and 44 
are believed to be allowable. For reasons similar to those explained above for claims 10 and 
32, claims 9-13, 31-35 and 23 are believed to be allowable. 

Claim 37 is believed to be allowable for the same reasons as those explained above for 
claim 14. Contrary to the Examiner, Yamaguchi et al. do not appear to disclose the feature of 
claim 37. 

In regard to claim 41, the Examiner is of the opinion that it would have been obvious 

to use Koizumi et al. for the purpose of detecting defects on the top surface and within the 

substrate because the device would function in the same manner. See second to the last 

paragraph on page 4 of the Office Action. Applicants respectfully disagree. Koizumi et al. 
ffl , M „ -17- Serial No. 09/891,693 
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apparently contains no disclosure whatsoever concerning a determination as to whether the 
anomaly is located on the top surface or below the top surface of the substrate. Koizumi et al. 
fails to address this issue at all. As explained above, in one embodiment of the invention, this 
is accomplished as taught by the specification by using ultraviolet radiation in the first beam 
and visible radiation in the second beam. 

As for claim 45, the Examiner is of the opinion that column 18, lines 55-59 of 
Koizumi et al. teaches such feature. Applicants respectfully disagree. Column 18, lines 55- 
59 of Koizumi et al. contains no such feature at all. All such section of Koizumi refers to are 
patterns made of two different materials (polycrystalline Si and Si0 2 ) when.they are 
measured. Presumably, both types of patterns are on a silicon substrate or substrates. 
Therefore, there is no disclosure in such section of Koizumi of a structure with silicon on an 
insulator type wafer. Such section of Koizumi et al. merely teaches a polycrystalline silicon 
partem on a silicon substrate or a silicon dioxide pattern on a silicon substrate, rather than 
having a layer of silicon on top of an insulator. 

Certain claims of the application are rejected under the obviousness-type double 
patenting as being unpatentable over certain claims of U.S. Patent No. 6,201,601 and 
copending application No. 09/746,141. Attached is a terminal disclaimer with respect to U.S. 
Patent No. 6,201,601 and copending application No, 09/746,141. The double patenting 
rejection is therefore believed to have been overcome. 

Claims 46-85 have been added to more completely claim the invention of this 
application. 
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Claims 1, 3- 29, 31-85 are presently pending in the application. Reconsideration of 
the rejections is respectfully requested, and an early indication of the allowability of all the 
claims is earnestly solicited. 
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Respectfully submitted, 





r S. Bsixt 
Attorney for Applicants 
Reg. No. 29,545 
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Version with markings to show changes made 

IN THE SPECIFICATION: 

[0033] After radiation beam 404 passes through objective 406 and filter 408 of 
the spatial filter, a collimating objective 410 collimates radiation beam 404 and directs it 
to a beam splitter 412. Beam splitter 412 passes a first radiation component 414 of 
radiation beam 404 to a normal illumination channel 416, and a second radiation 
component 418 to an oblique illumination channel 420. In other words, iilumination 
channel 4 16 is at around zero degrees To a normal direction to surface 426. A ccording to 
an embodiment of the invention, first radiation component 414 and second radiation 
component 418 have different wavelengths. Therefore, beam splitter 412 passes 
radiation at a first wavelength on lo normal illumination channel 416, and passes 
radiation at a second wavelength on to oblique illumination channel 420, 

IN THE CLAIMS: 

1 . (Amended) A method for detecting an anomaly on a top surface of a 
substrate, or within the substrate, comprising: 

directing a first radiation beam having a first ultraviolet or deep ultraviolet 
wavelength at -to illuminate a first spot on the top surface of the substrate at a first non- 
zero angle measured from a*ke-nonnal direction to the top surface; 

directing a second radiation beam having a second wavelength at -to illuminate a 
second snot on t he top surface of the substrate at a second angle measured from the-a 
normal direction to the top surface, wherein the second wavelength is not equal to the 
first wavelength; 

causing relative motion between the first and secoad radiation beams an d the too 
surface of the substrate so that the spots scan paths on the top surface: 

detecting radiation from the first radiation beam scattered bv the top s urface in the 
first spot to provide a single output corresponding to a position of the first spot on the top 
surface ; and 
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detecting radiation from the second radiation beam scattered bv the tot* surface in 
the second soot to provide a single output correspondin g to a position of Lhc second spot 
on the top surface . 

2. Cancelled^ T feo-aae thod of claim 1, 'further comprising causing relative 
motion U i Uyocn the first and s ec ond radiation beams and the top s u rface of the substrate s 

3 _ The method of claim 1 , further comprising documenting the presence of 
an anomaly if the detected radiation shows that the first radiation beam was scattered 
upon interacting with the top surface. 

4. The method of claim 1, further comprising documenting the presence of 
an anomaly if the detected radiation shows that the second radiation beam was scattered 
upon interacting with the top surface. 

5. The method of claim 1, further comprising comparing radiation detected 
from the first radiation beam to radiation detected from the second radiation beam to 
determine whether the anomaly comprises a COP or a particle. 

6. The method of claim 1, wherein the first wavelength is around 266 
nanometers. 

7. The method of claim 1, wherein the first wavelength is around 355 
nanometers. 

8. The method of claim ) , wherein the first wavelength is a wavelength in the 
ultraviolet spectrum of radiation. 

9. The method of claim 1 , wherein the second wavelength is around 532 
nanometers. 

1 0. The method of claim 1 , wherein the second wavelength is a wavelength in 
the visible spectrum of radiation. 
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1 1 . The method of claim 1 , wherein the first wavelength is around 266 
nanometers and the second wavelength is around 532 nanometers. 

12. The method of claim 1 , wherein the first wavelength is around 355 
nanometers and the second wavelength is around 532 nanometers. 

• 13. The method of claim 1 . wherein the first wavelength is in the ultra-violet 
spectrum of radiation and the second wavelength is in the visible spectrum of radiation. 

14. (Amended) T he method of claim 1 , wherein the first angle is around 70 
degrees to a normal direction t o the top surface. 

15. The method of claim 1, wherein the second angle is around zero degrees Jo 
a normal direction to the top surface . 

16. The method of claim 1, wherein the directing of a first radiation beam and 
the directing of a second radiation beam are performed simultaneously. 

17. The method of claim 1, wherein the detecting of radiation from the first 
radiation beam and the detecting of radiation from the second radiation beam are 
performed simultaneously. 

18. The method of claim 1 , wherein the first radiation beam comprises a laser 

beam. 

19. The method of claim 1, wherein the second radiation beam comprises a 
laser beam. 

20. The method of claim I, wherein the detecting of radiation from the second 
radiation beam comprises detecting scattered radiation from the second radiation beam 
and avoiding reflected radiation from the second radiation beam. 

21. The method of claim 2, further comprising documenting the presence of 
an anomaly if the detected radiation shows an increase in the amount of scattered 
radiation produced by the first radiation beam. 



10-03-2002 11:1 lam From-SKJERVEN MORRILL LLP 



4154340646 



T-568 P. 028/037 F-193 



22. The method of claim 2, further comprising documenting the presence of 
an anomaly if the detected radiation shows an increase in the amount of scattered 
radiation produced by the second radiation beam. 

23. ( Amended) A method for detecting an anomaly on a top surface of a 
substrate, or within the substrate, comprising: 

directing a first radiation beam having a first wavelength at -to illuminate a first 
spot on t he top surface of the substrate at a first non-zero angle measured from normal, 
wherein the first wavelength is in the ultraviolet spectrum of radiation; 

directing a second radiation beam having a second wavelength afr -to illuminate _a 
second snot on t he top surface of the substrate at a second angle measured from normal, 
wherein me second wavelength is in the visible spectrum of radiation; 

detecting radiation from the first and second radiation beams = sgatt grcd by the tog . 
nnrfaoc in the f i n* nnd second npoin to provide o first single ow^ut in ronponsg je^feg 

miitcrod mdiorinn in tho firsl 1 1 ht r rmri nnHn nntpul in reaponciM ajhg 

seaaered- radiation in the- second beam ; 

causing relative motion between the first and second radiation beams and the top 
surface of the ekew* OT thai the snots s c an oaths on the top surface, wherein sa id 
Serine detects radiation scattered bv the too s u rf ac e in the fir st and second spots to 
provide a first single output in response to the scat t e r ed r ad iation in the first beam 
corresponding to a position of the first snot rm the ton surface in one of the scan paths , 
and a second single output in response to th e scattered radiation in the second beam 
correspond^ to a position oFthe second s n ot on the top surface in one of the scan path s; 
and 

documenting the presence of an anomaly if the detected radiation shows an 
increase in the amount of scattered radiation produced by the first radiation beam or the 
second radiation beam. 
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24. (Amended) A system for detecting an anomaly on a top surface of a 
substrate, or within the substrate, comprising: 

a rejourn, mi.rrn np^rnMg tn emit - device providing a first wavelength radiation 
and a second wavelength radiatio n to illuminate a ce cond stKX^ea-the top surface, sai d 
first wavele n gth being ultraviolet o r deep ultraviolet: 

at least one objective operable to p^ticsfocusing the first wavelength radiation 
into a first radiation beam at an oblicme first angle to the top surface to illuminate a first 
sp oi on the ton surface and te-focusiag the second wavelenglh radiation into a second 
radiation at a second angle to a normal directi on to top surface to illuminate a 
second spot on the top surface ; 

means for causing relative motion between the first a nd second radiation beams 
and the top surface of the substrate, so that the soots scan paths on the lop surface; -and 

a detector mounted to detect radiatio n scattered by the ton surface in the first or 
second spot to provide a first single output in resp onse to the scattered radiation in the 
first beam corresponding to a position of the first spot on the to p surface in one of the 
scan paths, and a second single output in response to the scattered radiation in the second 
b eam corresponding to a position of the second spot on the too surface in one of the scan 
paths . 

25. The system of claim 24, further comprising a beamsplitter to separate the 
first radiation beam from the second radiation beam. 

26. (Amended) T he system of claim 24, further comprising a collector thatis 
rotationallv symmetric about a line and that is operable to collect radiation and focus the 
radiation onto the detector. 

27. The system of claim 24, wherein the radiation source is provided by a 
laser source. 

28. The system of claim 24, wherein the first wavelength is around 266 

nanometers. 
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29. The system of claim 24, wherein the first wavelength is around 355 
nanometers. 

30. Cancelled. The ovotem of claim 2^ wherein tha first wavelength i s - ft 
wavelength in th e ultraviol e t spectrum of radiation. 

31. The system of claim 24, wherein the second wavelength is around 532 
nanometers. 

32. The system of claim 24, wherein the second wavelength is a wavelength in 
the visible spectrum of radiation. 

33 . The system of claim 24, wherein the first wavelength is around 266 
nanometers and the second wavelength is around 532 nanometers. 

34. The system of claim 24, wherein the first wavelength is around 355 
nanometers and the second wavelength is around 532 nanometers. 

35. The system of claim 24, wherein the first wavelength is a wavelength in 
the ultraviolet spectrum of radiation and the second wavelength is a wavelength in the 
visible spectrum of radiation. 

36. (Amended) T he system of claim 25, further comprising at least one mirror 
mounted to direct the first radiation beam at the top surface al a Hut angle m o anur ti fr om 
aeFHial-and to direct the second radiation beam at the top surfac e at a oe cond an gle 
measured from norm al. 

37. fAmended) T he system of claim 25, wherein the first aagie-beamis 
around 70 depree s measured from a normal direction to the top surface^ 

38. (Amended) T he system of claim 25, wherein the second angle is around 
zero degrees from a normal direction to th e top surface. 

39. The system of claim 27, wherein the laser source is a solid-state laser. 
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40. The system of claim 27, wherein ihe laser source can vary the wavelength 
of emitted radiation using one or more crystals. 

41 . The method of claim 1 , further comprising comparing radiation detected 
from the first radiation beam to radiation detected from the second radiation beam to 
determine whether the anomaly is located on the top surface or below the top surface of 
the substrate. 

42. (Amended) A method for detecting an anomaly only on a top surface of a | 
substrate, comprising: 

directing a first ultraviolet radiation beam at the top surface of the substrate at a 
first angle measured from the normal direction to the top surface; 

directing a second ultraviolet radiation beam at the top surface of the substrate at a 
second angle different from the first angle m easured from the normal direction to the top | 
surface; 

detecting ultraviolet radiation from the first ultraviolet radiation beam; and 
detecting ultraviolet radiation from the second ultraviolet radiation beam. 

43. The method of claim 42, wherein the first and second ultraviolet radiation 
beams have a wavelength of around 266 run. 

44. The method of claim 42, wherein the first and second ultraviolet radiation 
beams have a wavelength of around 355 run. 

45. The method of claim 42, wherein the substrate comprises a silicon-on- 
insulator wafer. 

46. (New) A method for detecting an anom a ly on a surface of a substrate, or 
within the substrate, comprising: 
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HiW.rinf > a first radiation beam to illuminate a first soot on the surface of the 
substrate at an nhli gue angle to the surface, said first beam hav in g a ultraviolctOTdgep, 
first ultraviolet wavelength; 

rawing relative motion between ihe first radiat ion beam and the surface of the 
substrate so <hat the first b eam scans a path on the surface: and 

detecting radiation from the first radiation b eam scattered by the surface in the 
s pot to provide, a single output in respon s e to the scattered radiation in the beam 
corresponding to a. position of the first soo t on the surface in the scan path. 

47 fNewl The method of claim 46. wherein s aid causing causes rotational and 
translarional relative motion between the f irst radiation beam and the surface of t he 
substrate, 

AS . fNew) The method of claim 46. further compri sing directing a second 
radiation beam having a second wavelength to illuminate a second spot on the surface of 
the substrate at a second anple measured from the normal direction to t he surface, 
wherein the second wavelength is not eoual to the first wavelength. 

AQ (New^ The method of claim 48. furth er comprising comparing radiation 
detected from the first radiation beam to r a diation detected from the second radiation 
beam to de termine w hether the anomaly comp rises a COP or a particle. 

SO (Ne w> The method of claim 48. wh erein the second wavelength js around 
532. 266 or 35S nanometers. 

51. fNeW) The method of claim 48- wherein th e second wavelength is a 
wavelength in the visible spec trum of radiation. 

52 . (Newl The method of claim 48. wherein the first wavelength is around 
266 or 355 nanometers and the secon d wavelength is around 532 nanometers. 
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fNev^ The method of claim 48. wherein the first wavelength is in the 
■iltra-violet spectrum of radiation and the se cond wavelength is in the visible spectrumof 
radiation. 

s/L (New} The method of claim 48. wherein the second an gle is around zero 
degrees. 

fNevtO The method of rlirim 48 , w h erein the di r ecting of a first radiation 
h ea m and the directing of a second radiati oii beam are performed sequentially or 
simulta neously. 

Sfi TNewT The method of claim 48. wherei n the detecting of radiation from 
the first radiation beam and the detecting of radi ation from the second radiation beam, are 
performed simultaneously. 

57 fNev^ The method of claim 48_ wher ein the detecting of radiation from 
the second radiation beam comprises detectin g scatt er ed radiation from the second 
radiation beam and avoiding reflected radiati on fro m the second radiation beam. 

S8. CNew) The method of claim 48. fu rther comnrisinp documenting the 
presence of an anomaly if the detected radiation sh ows an increase in the amount of 
scattered radiation produced bv t he second radiation beam. 

5q rNewt The method of claim 48. wherein said directing directs the second 
beam to a low-V dielectric material, said s econd beam containing a wavelength in a 
visible range, 

fiO. fNewl The method of claim 48. farther comprising comparin g radiation 
delected from the first radiation beam to r a diation detected from the second radiation 
Wn tn ^ermine whether the- anomaly is located on the ton surface or below the top , 
surface of the substrate, 

61 . fNewl The method of claim 48. wherein the re lative motion causes the 
second radiation beam to scan a nath on t h e surface, said method further comprising 
re gistering the scan naths of the snots illumi n ated bv the first and second radiation beams. 
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67.. fNew) The method rlaim 46. further co mprising documenting the 
presence of an anomaly if the detected ra diation shows an increase in the amount of 
scattered radiation produced by the first rad iation beam. 

63 . (New) The method of claim 46. wherein the first beam is at an angle of 
around 70 degrees from a normal direction to the surface. 

64 (New> The method, o f filaim 46, further com prising collecting radiation 
from the first radiation beam scattered bv the surface in the spot by means of a radiation 
collector having an axis of rotational sym m e tr y a bou t a line, said collector focusing 
scattered radiation from the surface to the de b tor to produce the single outpu t 

fi<> fNew) The method of claim 46. wherein s aid directing directs the beam to 
the surface of a silicon-on-insul a tnr wafer, and the detecting detects radiation scattered by 
the silicon-on-insulator wafer 

66 fNewl The method of claim 46. wherein said directing directs the beam to 
the surface of an unpattcrned semiconduc tor wafer. 

67 fNew'i An apparatus for detecting an an nmal v on a surface of a substrate , 
or within the substrate , comprising: 

o ptics directing a first radiation beam to illum inate a first spot on the top surface 
of the substrate at an oblioue angle to the su r face, said first beam havin g a ultraviolet or 
deep first ultraviolet wavelength; 

means for causing relative motion between ihe first radiation beam and the 
surface of the substrate so that the firs t beam scans * path on the surface; and 

a detector detecting radiation from the first r adiation beam scattered by the 
surface in the snot to provide a single output in r~r" gP th " mattered radiation in the 
beam corresponding to a position of the fir st mot on the surface in the scan patjv 
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68 fNewi The apparatus of claim 67. wherei n said causing means comprises 
a n instrument that ^uses rotat i onal and translational relative motion between the firs t 
radiation beam and the surface of th e substrate. 

69. rNew) The a p paratus of claim 67! furthe r comprising means tor directing 
a second radiatio n lvam, having a s e ™nH wavelength to illuminate a second spot on the 
surface of the substrate at a second angle mea sur e d from the n ormal direction to the 
surface, wherein the second wavelength is not eoual to the first wavelength. 

7P. fNew^ The apparatus of claim M farther comprising means for 
-nm psring radiation detected from the firm radiation hr-am to radiation detected from the 
sgr.nnd radiation ^an to determi ne whether the anomaly comprises a COP or a particle. 

71 HSTew^ The svstem of clai m fiO farther comprisine a beamsplitter to 
sanarato the first radiation beam from th e second radiation beam. 

77 (New! The system of claim 69. wherein the first wavelength is around 
266 or 355 nanometers and t V second wavelength is around 532 nanometers, 

71 nSTew^ The system of cl™m 69. wherein the first wa velength isa 
^length in th« nl travinlet spectrum of radiation and the second wavelength is a 
wavelength in the visible spectru m of radiation. 

74 rNew-l The system of claim 73. further c ompri si ng at least one mirror 
rented to direct the first radiatior Jvpnr, at the surface at a first angle measured from 
normal and to d ^r the, second r adiation beam at the surface at a second angle measured 
from normal. 

75 rMew-i The system of claim 6 9 , wherein the Sf-crmd ample is around zero 
degrees. 

76 fNewi The system of claim 6 7, further comoritin" a collector having, an 
avis nf rotation^ symmetry abo u t , line said collector receiving and directing scattered 
radiation to the detector to produce the single output. 
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77 fNewl The system of claim 67. wherein the optics comprises a laser 

source.. 

78 (Newt The system of claim 67. wherein the first wavelength is around 
266 or 355 nanometers. 

7Q (Newl The system of claim 67. where in the first beam is at an angle of 
around 70 degrees from a normal d irection to the surface, 

gn {New^ The system of claim 67. wherein the op tic s c o m prises a solid-state 

laser. 

« 1 fNewl A method for dete c ting an anomaly on a surface of a substrate 
comprising a low k dielectric material, or within the substrate, comprising: 

Ai~*«r » first radiation b ~™ having > first wavelength to illuminate a first spot 
nn the surface of the, substrate at ? first „n P 1e measured from the normal direction to the 
surface; 

Hintin g a second radiation beam hav ing a second wavelength to iUuminate a 
second spot on the surface of t h e substrate at a second angle measured from the norm al 
direction to the ™rf a r.e wherein fr e two beams reach the low k dielectric material, and 
w Wm the two wavelengths are not eq ual and are in a visible rang e; 



A^r, a rsHisrinn from th e first radiation beam scattered by the top surface in the 
first snot; and 

Hiring radiation from the second radia t i on be a m s cattered by the top surface in 
the second spot. 

r? riMew^ The method of claim SI . further r e prising causing relative 
mntion between ft* first and second ~**Ti 0 n beams and Ihr surface of the substrate so 
r^i t rie beams sc.n naths on the su r^ e wherein the detecting detects radiation from the 
firsl radiation be-am scattered b v the surface in the first spot to provide a first single 
t put in response In the scattered radiation in th e first beam corresponding to a position 



ou 
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of the first snot nn the surface in one of the scan paths, and to provide a second single 
out put in response to the scattered radiat i on in the second beam corresponding , to , a 
position of the second spot on the surface in one nf ihe scan paths. 

S3. fNewT The method of claim 23. wherei n said directing directs the beamjo 
the surface of n silicon~on-irLsulator or unpar temed semiconductor wafer, and the 
detecting detects radiation scattered bv th e silicon-on-insulator or unpattemed 
semiconductor wafer. 

M. fNew) The method of claim 1 . wherein s aid directing directs the beam to 
the surface of an unpattemed semi conductor wafer. 

R«5 rNewT The method of cfo ™ 1 farther comprising registering the scan 
paths of the s pots illuminated bv the fi rst and second radiation beams. 



